and female one, as Eric Vilain from the University of California at Los Angeles, USA, and colleagues have reviewed recently (Nat. Rev. Endocrinol. (2014) 10, 603-615) .
While these variations of human sex between male and female are not necessarily linked to the psychological issue of gender identity, both display a spectrum of many different shades that is much more complex than the traditional binary division where everybody has to be either male or female and accord to the stereotypical views of characteristic body appearance and behaviour.
Science still has a lot to learn about the origins of both of these phenomena, which may share some causes such as the exposure to hormones during pregnancy. The highly sensitive nature of the matter and the ethical limits on experimentation and indeed interventions make it diffi cult to get to the bottom of the biological causes involved. Animal studies as well as exploration of the rich diversity of sexual reproduction in nature may help in this endeavour.
Similarly, society at large is still struggling to come to terms with the new reality that sex and gender are not a black-and-white binary like the pictograms on public conveniences.
A large part of education and public discourse on what counts as appropriate behaviour still tends to begin along the lines of "girls do this" or "guys do that". Stereotypes die hard, as the recent campaign "Let toys be toys" (http://www.lettoysbetoys. org.uk/) has demonstrated with its struggle to stop retailers from labelling toys as exclusively suitable either for boys or for girls.
As a result, transphobia is still a serious problem that produces violent incidents and suicides. There is also some optimism, however, that the improved visibility of the whole spectrum of human beings will lead to better understanding and appreciation. "I have a great deal of hope, social media is an excellent non-threatening platform that people are using to learn not only about others but themselves," Scott says. "Some days I feel like we are heading in the right direction; that transgender individuals are starting to feel safer, people are able to be more open." Like many of the individuals affected by gender identity problems, society will have to undergo a diffi cult transition.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk Pregnant meaning: The wide diversity of reproductive strategies in nature, including pregnant male seahorses, reminds us that our concept of gender is a cultural more than a natural phenomenon. How would you describe your career path? It's funny how my development now looks like a straight line, but it certainly did not feel that way. When I was seven or eight, my mum gave me a book on some of the early experimental scientists: Kepler, Van Leuvenhook, Galvani, and of course Galileo Galileo. I read it over and over again, and I really liked biology as a subject in school; but I also liked languages, literature, social sciences, philosophy, and drama. I could not make up my mind, so I kept drifting until I ended up in Berlin, studying Biology. And I thought: this is it. I just wasn't sure whether I wanted to study Marine Biology or Plant Physiology. In the end, it was neither and I opted for the fi eld with the best teachers: Behavioural Biology and Neuroscience. In this area, I had met the most inspiring and intellectual thinkers. Only later I realized that studying the communication, cognition and social behaviour of nonhuman primates unites my diverse interestsand the drama class I had taken at school came in handy for teaching. There were also some surprises on the way. For instance, I found that I really liked being outdoors: we sailed to Iceland from the Baltic, for instance, on a 39-foot sloop; and I loved going on bird excursions, although I could What drew you to your specifi c subject? We had read How Monkeys See the World by Dorothy Cheney and Robert Seyfarth in our Journal Club. They instantly became my heroes, and greatly infl uenced the choice of subject for my Masters and later PhD thesis. It was my dream to work with them, but I did not dare to approach them. I met them at the International Primatological Society's meeting in Madison, almost 20 years ago now, and nervously delivered my talk, with Dorothy in the room. We had lunch later on and then they offered me a postdoc position, to work on wild baboons in the Okavango Delta of Botswana. I could not believe my luck. The day we fi nalized the contract, I sent them an email, promising that I would be really careful, and Dorothy replied: you better be, just yesterday a tourist was eaten by a crocodile not far from our camp. It was an incredible time, and yes, there were some close shaves with wild animals. We were chased up trees by lions, ran from buffalo, and had to dig out the car from black cotton mud with our bare hands. But mostly, we hung out with 84 baboons who granted us some glimpses into their world -an eternal soap opera. I was fascinated how they deal with the intricate complexities of their social lives, but I was also struck by the things they apparently do not understand, or do not seem to care about. It was a fantastic experience to work with Robert and Dorothy -they were not only exceptional mentors, but have become true friends along the way.
Who else shaped the way you conduct your science? I was really fortunate to have been elected into 'Die Junge Akademie', the German 'Young Academy', which was founded by the Berlin-Brandenburgische Academy of Sciences and Humanities and the German National Academy of Sciences Leopoldina. Membership is for fi ve years, so there is continual renewal, but you also know that you have to take advantage of being a member before you are out the door again. I met a bunch of wonderful open-minded and inspiring scientists from all disciplines, who collectively altered the way I do research, and more profoundly, the way I teach. It was a good school for communicating across boundaries, and true blue-sky thinking. I established a number of fruitful scientifi c collaborations, but I also found some dear friends.
Do you miss being in the fi eld?
Not really -I get to go to Senegal to our fi eld site for a few weeks every year, and there are so many other interesting things to do. When I started in Göttingen, I had the opportunity to develop an integrated research program that combines fi eldwork and cognitive testing of monkeys housed at the German Primate Center. For instance, we found that our monkeys compare to apes in the famous Primate Cognition Test Battery. We also work in a monkey park in France where we do fi eld experiments and behavioural observations. Presently, we are studying the effects of old age on social behaviour and cognitive performance.
But the most exciting studies are those where fi eld and lab work inform each other: we observe specifi c social behaviours in the fi eld, and then we try to elucidate the underpinning cognitive processes in the lab. This mostly pertains to social knowledge and in which way the processing of social information is different from processing information more generally. And then we have some spin-offs. For example, the structure of nonhuman primate vocalizations is largely innate, indicating that some developmental constraints may be at work. Enter the FOXP2 gene, and its intriguing molecular evolution. We became part of the consortium led by Wolfgang Enard and Svante Pääbo, to elucidate the effects of the 'humanized' version of FOXP2 in the mouse. As it turned out, the vocalizations were not affected. With our expertise in the analysis of ultrasonic vocalizations of mice, we have started a number of collaborations. Unfortunately, we ultimately found that mice do not learn their vocalizations either, and even mice that lack large parts of the cortex and the hippocampus vocalize just fi ne. Thus, mice do not seem to be great models for studying vocal learning.
What do you do at your fi eld site?
In Senegal, we have set up the fi eld station 'CRP Simenti' in the Niokolo Koba National Park in the Southeast of the country. It seems to be the hottest place on earth, but the Guinea baboons that roam there are magnifi cent. Little was known about them before. Because they are so shy, it took us almost three years to get them used to us. They live in a multilevel system, where smaller groups team up to larger aggregations in a relatively predictable fashion. Females affi liate with one male at a time, but surprisingly, they seem to be able to switch between males at their own leisure. Walking with the baboons, even in scorching heat, makes me very happy. Unfortunately, my main task now is managerial: I have to meet with the Senegalese authorities, try to get documents for the car, write reports, work with a local NGO to organize the trash removal from the park, and so on. Fieldwork requires Current Biology 26, R141-R156, February 22, 2016 ©2016 Elsevier Ltd All rights reserved R145 a number of capabilities that are not part of the normal curriculum, including fi xing solar panels or water pipes dug up by elephants. It is not easy to fi nd people who love watching baboons, are willing to take up with the living conditions, eager to crunch numbers in R, spend time in the lab doing hormone analyses, and who also like to think about the broader signifi cance of their study. So far we have been pretty lucky, but my impression is that the 'fi eld biologist' is bound to go extinct. People have turned offers for fi eldwork down because they would not have constant access to Facebook.
What do you consider to be the biggest challenge in your fi eld? Staying aware of the limits of our knowledge, and also of the limits of our potential knowledge. Take the baboon model, for instance. The genus is intriguing because of the diversity of their social systems, the variety of habitats they live in, and so forth. But then there are only six species, at least according to the phylogenetic species concept. With such a small sample size, I don't see how we will ever be able to draw fi rm conclusions about the drivers of their social evolution. I also suspect that the variation within each taxon is not suffi ciently clear, and the sampling effort to collect the data necessary to judge within and between species differences would be humongous. Nevertheless, we are inclined to put forward strong ideas, and that's all fi ne and good and keeps us going, but we should also fl ag our uncertainties and discuss the limits of what we can ever know. The same applies to ape cognitive evolution, or the evolution of speech. Perhaps Wilhelm von Humboldt was right when he declared that the origin of speech is a question that cannot be answered.
Any remedies in sight?
Firstly, I think we should put more emphasis on careful observations of the animals' behaviour, preferably in their natural habitat. We should acknowledge the value of making available the primary data. There are probably hundreds of studies on primate grooming -but too few people report simple information such as grooming rates, which would be great to stitch information from different sources together. Instead, we tend to be obsessed with the outcome of elaborate statistical testing. To be clear, I am a great fan of hypothesis testing; but we should acknowledge the importance of detailed observations and descriptions of nature for developing meaningful hypotheses. In the end, the judgment should be whether a study helps us to understand some biological phenomenon better, not whether it conforms to a certain formulaic scheme. And secondly, we have to take the replication crisis much more seriously. I am sometimes shuddering when I think about the effects of the publication bias and the small sample sizes in our fi eld. How many studies would stand the test of replication? How many false positive fi ndings are out there? And how many negative results are stashed away in some fi le drawers?
Did the replication crisis change the way you conduct your research? We try to maximize the number of subjects we are observing or testing. But there are many limits: not all of the long-tailed macaques at the German Primate Center come in for testing and participation is on a voluntary basis, so we may end up with just nine or ten subjects. You just have to be extremely cautious when you draw your conclusions; the likelihood of obtaining both false negatives and false positives is unfortunately very high. In the monkey park in France, we are better off: we just completed a study with more than a hundred subjects. In Senegal, we take scan data from two groups or 'gangs', as we call them, comprising about 120 subjects, but detailed focal observations are only possible for around 30 or 40 subjects, if you want a certain sampling depth. At least it's reassuring when the observations by many different students all yield the same general pattern, despite some appreciable variation between individual baboons and also between the two gangs. Ultimately, we will need to form large-scale consortia and pool our data, to overcome some of the problems I mentioned before.
Anything else on your wish list? A time machine.
